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http:WHAT THIS PAPER ADDS
The authors present a new technique of eversion endarterectomy of the external iliac artery for atherosclerotic
occlusive disease, which has mainly been used as a bail-out procedure after failed endovascular or hybrid
procedures. Based on its favourable short- and long-term results, the new autologous technique could also
become an alternative to bypass grafting.Objective: We describe and present the results of our novel technique for eversion endarterectomy of the
external iliac artery (EIA).
Methods: For our prospective follow-up study, antegrade eversion endarterectomy (AEEA) of the EIA was mostly
performed as a bail-out procedure, if (endovascular-assisted) remote endarterectomy from the groin had failed.
Postoperative clinical and hemodynamic changes were reported according to the recommendations of the
Society for Vascular Surgery. To evaluate the data, we used the Kaplan-Meier product limit method.
Results: Thirty patients (mean age 65.5 years) underwent AEEA on 33 EIAs for atherosclerotic occlusive disease
over a 10-year period. The mean follow-up was 50 months. The primary technical success rate was 100%. The 30-
day mortality was 0. There were no early occlusions. Two patients required redo surgery for retroperitoneal
haematomas. Postoperative improvement was marked in 30%, moderate in 64% and minimal in 6%, explained by
21 (64%) concomitant occlusions of the superﬁcial femoral arteries. The 1-, 3- and 5-year primary patency rates
were 100%, 96% and 90%, and primary assisted patency rates were 100%, 96% and 96% respectively. Fourteen
patients (47%) died during the long follow-up period from unrelated causes.
Conclusion: AEEA is a safe autologous surgical technique with promising results.
 2013 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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New techniqueINTRODUCTION
With the advances in endovascular interventions, even the
treatment of TASC II1 C and D lesions of the iliac arteries
shows encouraging results due to more reﬁned techniques,
improved equipment and growing experience.2e4 Hybrid
procedures frequently also allow for the repair of iliac oc-
clusions from a single inguinal incision. Such occlusions
were previously neither amenable to endovascular therapy
nor surgical remote endarterectomy only. Diffusely calciﬁed
lesions as well as those that may not be passed by a guide
wire, however, remain limiting factors.5,6
Furthermore, complications of endovascular procedures
(e.g., late occlusions after stenting) have often required
open surgery. Under these circumstances, anatomic andrresponding author. G. Cs.Nagy, St. Bernward Hospital, Treibestr. 9,
Hildesheim, Germany. Tel.: þ49 5121905121; fax: þ49 5121901124.
il address: dr.g.nagy@bernward-khs.de (G. Cs.Nagy).
-5884/$ e see front matter  2013 European Society for Vascular
. Published by Elsevier Ltd. All rights reserved.
//dx.doi.org/10.1016/j.ejvs.2013.03.029extra-anatomic prosthetic graft bypasses still constitute
standard procedures because of their excellent long-term
results. As shown by a recent comprehensive review, peri-
operative morbidity and mortality of aortofemoral and
iliacofemoral bypass grafts are much higher than for end-
arterectomies in these regions.7
We present our novel technique of antegrade eversion
endarterectomy (AEEA) of the external iliac artery as an
autologous alternative to prosthetic bypass grafting in
particular if (endovascular-assisted) remote endarterec-
tomy8 of an occluded external iliac artery fails. A further
purpose of this study was to establish the safety and suc-
cess rate of our technique.METHODS
Surgical technique
The iliac bifurcation is exposed via a retroperitoneal
approach after an oblique lower quadrant abdominal inci-
sion. The common and internal iliac arteries are controlled
and the EIA is transected diagonally (Fig. 1A). If heavily
Figure 2. Eversion of the left external iliac artery (EIA) in the
inguinal region. CFA ¼ common femoral artery.
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common iliac artery (CIA) is controlled with the help of a
balloon catheter. In the retroperitoneal space, the EIA is
freed around its entire circumference. It is important to
divide the deep circumﬂex iliac vein from the groin incision
to prevent injury-related venous bleeding. If used as a bail-
out procedure, the plaques in the distal segment of the
external iliac artery will already have been removed during
the futile ring cutter manoeuvre. Therefore, it is possible to
pull down the isolated EIA beneath the inguinal ligament to
the inguinal incision, where the eversion endarterectomy is
carried out (Figs. 1B and 2). Alternatively, if diffusely calci-
ﬁed lesions or stents are present, eversion endarterectomy
may begin in the retroperitoneal region. After complete
eversion endarterectomy of the EIA, it is inverted (turned
inside out) in the groin through the arteriotomy of the
common femoral artery (CFA) (Fig. 1C). During this stage of
the operation, the remaining inner surface of the artery is
meticulously cleansed of all remnant circular media ﬁbres.
After reversion (turning the right side out again) the vessel
is positioned back into the retroperitoneum and its conti-
nuity is reestablished with running sutures (Fig. 1D).
The following advice may prove useful. 1. The hydraulic
force of a syringe may facilitate inversion and reversion. 2.
Torsion of the artery before replantation may be prevented
by pushing a ring cutter into the lumen. 3. While the
vascular continuity is reestablished, a vascular dilator inside
the lumen (introduced through the arteriotomy of the CFA)
may help prevent suturing the posterior wall. 4. As opposed
to the eversion endarterectomy of the internal carotid ar-
tery, there is normally no need for shortening the iliac axes
by a skewed replantation of the vessel. Marked kinking of
the EIA was present in only two of our patients (6%). If it
occurs, the vessel should be shortened.Figure 1. Technique of antegrade eversion endarterectomy of the
(D) Replantation.The inferior epigastric artery and the deep circumﬂex iliac
artery are preserved during this procedure. In order to point
out the other differences between our novel technique and
previously used techniques, a quote from an original paper
is shown in the discussion.
Patients
For our single-centre follow-up study we prospectively
gathered the data concerning the operations mentioned
above. Over a 10-year period there were 33 AEEAs at St.
Bernward Hospital, Hildesheim, Germany. During this time
there were 159 (endovascular-assisted) retrograde remote
endarterectomies of the EIA at the same institution.
We mainly performed AEEA if remote endarterectomy of
the EIA or additional endovascular procedures from the
inguinal incision had failed (n ¼ 27, 82%). Causes of failure
comprised the early rupture of the atheromatous cylindrical
core and the inability to advance the ring cutter or the
guide wire as a result of extended calciﬁed lesions. Unlikeexternal iliac artery. (A) Transection. (B) Eversion. (C) Inversion.
Table 2. Demographics and clinical characteristics.
n %
Male 23 77
Female 7 23
Operated limbs 33
Mean age  SD (years) 65.5  10.2 (range 46e79)
Comorbidity/risk factors
Smoking 26 87
Hypertension 23 77
Coronary heart disease 14 47
Diabetes 10 33
Hyperlipidemia 8 27
Renal insufﬁciency 5 17
Obesity 4 13
Indication for surgery
Claudication 17 52
Rest pain 11 33
Tissue loss 4 12
Imminent vein graft occlusion 1 3
Table 3. Simultaneous procedures.
n
Venous patch plasty of CFA or origin of SFA 15
Profundoplasty with vein patch 9
Endarterectomy of CIA 8
Femoropopliteal bypass 2
Thrombectomy of femoropopliteal bypass 2
Distalization of femoral bifurcationa 1
Revision of iliofemoral crossover bypass 1
G. Cs.Nagy et al. 105other authors, we did not try transbrachial or contralateral
femoral punctures for guide wire placement, although they
might have been successful. Lack of equipment in the
operating suite was a limiting factor. Furthermore, we
feared additional puncture site complications after systemic
heparinisation, which was necessary for the clamped
arteries.
Almost a third (n ¼ 10, 30%) of the limbs had already
undergone previous iliac endovascular treatment.
Except for three emergency procedures, all patients were
discussed in interdisciplinary case conferences. We tended
towards open surgery in the case of failed (or complications
of) endovascular therapy, the need for other simultaneous
open surgery, diffusely calciﬁed lesions, and younger low-
risk patients, or if the patient speciﬁcally asked for it.
A primary intention for AEEA was only the case for six
(18%) patients (two reoccluded EIAs after stenting, two
failed contralateral remote endarterectomies, one large
aneurysm of the CIA in addition to a long EIA stenosis, one
simultaneous revision of an iliofemoral crossover bypass).
Apart from physical examination, Doppler sonography,
and ankle brachial index (ABI) in all patients, preoperative
diagnostic studies included magnetic resonance (MR) angi-
ography in 17 patients, digital substraction angiography in
15 patients, and computed tomography (CT) angiography in
one patient. Lesions were classiﬁed according to TASC II
criteria.
Postoperative results with clinical and hemodynamic
changes were recorded according to the recommendations
of the Society for Vascular Surgery (SVS).9 In 23 out of 33
cases (70%), postoperative contrast agent imaging studies
were carried out during the hospital stay.
Perioperatively, patients received prophylactic doses of
low molecular heparin and long-term single antiplatelet
therapy (oral acetylsalicylic acid 100 mg once per day). Two
patients were on oral anticoagulants for atrial ﬁbrillation.
Patient outcome was monitored clinically, by sonography
(B-Mode grey scale imaging, colour and pulsed wave
Doppler), and ABI at least once per year, and late angiog-
raphy if indicated (either MR or CT). No patient was lost to
follow-up (30 patients/33 limbs). To evaluate the data, we
used the Kaplan-Meier product limit method. As three pa-
tients presented with dependent observational data (bilat-
eral operations), the variance estimate was adjusted to take
this dependency into account.10
RESULTS
From September 2001 through January 2011, 30 patients
(mean age 65.5  10.2 (SD) years, 77% male, 33 limbs) were
treated with AEEA of the EIA. Most lesions (n ¼ 28, 85%)
were of type C according to the TASC II classiﬁcationTable 1. TASC II classiﬁcation of the iliac lesions.
n
Type A 1
Type B 2
Type C 28
Type D 2(Table 1). In 21 cases (64%) concomitant occlusions of the
superﬁcial femoral arteries (SFA) were present. The de-
mographic and clinical data are summarised in Table 2. In
ﬁve cases surgery was indicated after previous endovascular
attempts had failed elsewhere (three arterial dissections
with thromboses, and two lesions that could not be passed
by the guide wire). In ﬁve further cases surgery was per-
formed after occlusions of previously stented EIAs (mean
time since stenting 17 months). In one patient there was a
reoccluded artery after stents had already been placed
twice. AEEA was carried out in combination with the pro-
cedures listed in Table 3. Diffuse calciﬁcations of the EIA
were seen in 24 patients.Early results
There were neither early occlusions nor wound infections.
The 30-day mortality was 0. In two patients (6%) we
observed retroperitoneal haematomas under anticoagu-
lants, which had to be evacuated on the third and 12th
postoperative days respectively. No bleeding was observed
in the region of the anastomosis. One patient had non-ST-Resection of CIA aneurysm 1
Lumbar sympathectomy 1
Note. CFA ¼ common femoral artery; CIA ¼ common iliac artery;
SFA ¼ superﬁcial femoral artery.
a cf: Menzoian JO. Simultaneous correction of stenoses at the
origins of the superﬁcial and deep femoral arteries. Surg Gynecol
Obstet 1982;155:732.
Figure 4. Limb salvage rate (Kaplan-Meier estimate). Standard er-
ror <10%. The dotted lines show the 95% conﬁdence intervals.
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Another patient required electrical cardioversion for atrial
ﬁbrillation on the ﬁrst postoperative day. One patient died
from multiorgan failure after contralateral femoral artery
reconstruction as a result of septic complications unrelated
to AEEA on the 37th postoperative day. All other patients
were discharged with patent reconstructed vessels. The
initial success rate was 100%. According to the SVS criteria,
there was immediate marked improvement in 10 cases,
moderate in 21 and minimal in two. The latter two patients
(increase of ABI only without relevant clinical improvement)
underwent ipsilateral femoral reconstructions later on. Im-
aging studies before discharge proved the absence of ste-
noses of the reconstructed segments and showed patent
internal iliac arteries in all patients.
Late results
The mean follow-up period was 50  33.9 (SD) months (1e
111). There were no late infections. One patient (3%) had
surgery for an abdominal incisional hernia after 6 months.
In one case (3%) there was a late occlusion as a result of
poor run-off (occluded deep femoral artery, prosthetic
femoropopliteal bypass anastomosed to a popliteal
segment with poor run-off). Lytic therapy was successful.
The reopened EIA showed no stenoses. Two months later,
however, reocclusion occurred, which was treated by a
crossover bypass. The primary assisted patency rate was
100% after 1 year, and 96% after 5 years (Fig. 3). One pa-
tient suffering from end-stage renal insufﬁciency had to
undergo below knee amputation with a patent EIA and a
patent below knee femoropopliteal bypass 54 months after
AEEA. The limb salvage rate was 93% after 5 years (Fig. 4).
Progress of atherosclerosis leading to stenoses of the
ipsilateral CIAs was observed in ﬁve patients (15%). Among
these patients there were three successful interventions
(percutaneous transluminal angioplasty with stents of theFigure 3. Primary (red) and primary assisted (black) patency rates
(Kaplan-Meier estimates). Standard error <10% during the whole
period (black line) or until month 76 (red line). The dotted lines
show the 95% conﬁdence intervals.CIA) after 54, 66 and 77 months (mean 65.7 months) as a
result of secondary worsening. The two remaining patients
have not required this therapy yet.
Five additional surgical procedures were performed in
four patients with preexisting occlusions of the superﬁcial
femoral arteries (one endarterectomy, four femoropopliteal
bypasses) after 25.8 months (2e48 months). Two further
femoropopliteal bypasses were justiﬁed by distal progress
of atherosclerotic lesions with intermittent claudication 55
and 85 (Fig. 5) months after AEEA.
Colour-duplex sonography exams showed neither rele-
vant stenoses of the EIA nor any aneurysms during the
follow-up period. We observed a slight dilation of the
treated EIAs (to around 10 mm), as described elsewhere in
the literature.11Mortality
During the follow-up period, 14 patients (46.7%) died on
average 40.3  29.4 (SD) months (1e80 months) after the
primary operation at a mean age of 71.4  9.0 (SD) years
(54e85 years). There was a high rate of malignancy-related
deaths (n ¼ 5) (four bronchial carcinomas, one oropharyn-
geal carcinoma). Seven patients died from cardiovascular
disease (four myocardial ischemias, one stroke, two contra-
lateralmajor amputations with serious complications). In two
cases, septicemia (pneumogenic, spondylogenic) unrelated
to the operation led to the patient’s death. The early and late
results are summarised in Table 4.DISCUSSION
From our literature search, reports of eversion endarter-
ectomy of the iliac vessels are limited.11e24 None of the
authors described our antegrade technique.
In the 1960s, extensive and time-consuming ex situ
eversion aortoiliac endarterectomies with numerous anas-
tomoses were prevalent. These long operations requiring
considerable surgical skills were later replaced by simpler
prosthetic bypass techniques. The retrograde in situ
Figure 5. (A) Preoperative angiography with occlusion of the left external iliac artery and stenosis of the left internal iliac artery. (B)
Magnetic resonance angiography 7 years after AEEA also showing a recent occlusion of the left superﬁcial femoral artery.
G. Cs.Nagy et al. 107technique restricted to the EIA was published by Inahara in
1965 for the ﬁrst time:12
The external iliac and common femoral arteries are fully
mobilized from within the abdomen and groin. Three
branches of the common femoral artery are sacriﬁced.
The common femoral artery is transected obliquely a
centimeter proximal to its bifurcation, and this segment is
retracted into the abdomen. Endarterectomy is started in
an easy cleavage plane, everting the adventitia until the
distal two-thirds of the segment is endarterectomised.
The atheroma is transected and the everted segment isTable 4. Early and late results.
n %
30-d
Mortality 0 0
Reocclusion 0 0
Limb loss 0 0
Infection 0 0
Morbidity
Retroperitoneal hematoma 2 6
NSTEMI 1 3
Cardiac arrhythmia 1 3
Clinical outcome (SVS)9
Markedly improved 10 30
Moderately improved 21 64
Minimally improved 2 6
Follow up (late results,
mean  SD)
50  33.9 mo (range 1e111)
Mortality (not
procedure-related)
14 47
Reocclusion 1 3
Below knee amputation 1 3
Incisional hernia 1 3
Note. d ¼ days; mo ¼ months; NSTEMI ¼ non-ST-elevation
myocardial infarction; SVS ¼ Society for Vascular Surgery.then reverted to its normal relationship. Next, through a
longitudinal arteriotomy in the distal common iliac artery,
endarterectomy of the proximal external iliac artery is
started. Simultaneously, the external iliac is everted
through the common iliac arteriotomy until it is
completely turned inside out. The remaining atheroma
and fragments of media are thoroughly debrided under
direct vision and out in the open.13
We have found three papers11,14,15 published after 1989
which are dedicated to the retrograde eversion endarter-
ectomy of the EIA. These authors used their retrograde
techniques to treat the lesions primarily, and unlike us not
as a bail-out procedure.
In contrast to remote (ring cutter) techniques, eversion
endarterectomy almost always allows for a complete
removal and better-controlled result, especially in mature
atherosclerosis with diffuse calciﬁcations, leaving behind a
smooth vascular wall without remnant circular media ﬁbres.
Another advantage is the possibility of inspecting and
repairing the iliac bifurcation including the branch-off of the
internal iliac artery. Eversion techniques not only obviate
the need for prosthetic material (aortofemoral, iliofemoral)
with its related costs, but also its complications like pros-
thetic infections or anastomotic aneurysms. This is espe-
cially important with infected ulcers or necroses, or in
immunocompromised patients. A recent comprehensive
meta-analysis showed that “aorto-iliac endarterectomy was
associated with signiﬁcantly lower peri-operative morbidity
and mortality rates compared with bypass grafting” and
that bypass and endarterectomy techniques “were equally
effective in terms of long-term patency”.7 Unlike with some
extra-anatomic bypasses (crossover, axillofemoral), other
extremities are never jeopardised.
In addition to the retrograde technique as published by
Inahara and Connolly12,16 our technique (AEEA) offers further
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(inferior epigastric artery and deep circumﬂex iliac artery) are
preserved. We could visualise the patency of these collat-
erals with control angiographies even after several years. 2.
The inversion and mechanical cleansing of the remaining
inner surface of the vascular wall can be performed in the
more visible inguinal region instead of in the depth of the
retroperitoneal space. 3. It is much easier to combine our
technique with profundoplasty or femorodistal bypasses.
As long as it is possible to control the CIA by clamping or
using a balloon catheter, AEEA seems feasible. The removal
of stents protruding into the CIA or near the bifurcation can
easily be performed. EEA should probably be avoided in the
case of atrophied vessels or after pelvic irradiation.We have
not yet encountered either scenario.
Our method is also easy to learn especially for those who
have already gathered experience with eversion endarter-
ectomies of the internal carotid artery or the superﬁcial
femoral arteries.
Before December 2005, only 15% of the patients oper-
ated on using our technique had undergone primary
endovascular treatment. Since then, this proportion has
increased to 54%. This change mirrors the advance of
endovascular techniques, which still leaves space for open
surgery. The impressive results of endovascular techniques
cannot be denied, with technical success rates of 86e100%
for TASC C and D lesions,2,3 and 4- or 5-year primary and
secondary patency rates ranging from 60% to 86% and 80%
to 98% respectively.2 Failure was most often a result of the
impossibility of wire placement through occluded arterial
segments, secondary thrombosis or rupture of the iliac ar-
tery. Severe calciﬁcations are still a limiting factor.5
After stent-assisted remote endarterectomy,8 1-, 3- and
5-year primary patency rates were 80.2%, 74.7%,and 69.3%,
primary-assisted patency rates were 84.8%, 82.4% and
78.2%, and secondary patency rates were 86.8%, 84.2% and
79.6% respectively.
In our small, select patient cohort with mainly severely
calciﬁed TASC C lesions, technical success was 100%. The
30-day mortality was 0. All patients showed clinical
improvement. The 1-, 3-, and 5-year primary patency rates
were 100%, 96% and 90%, and primary assisted patency
rates were 100%, 96% and 96% respectively. There were
neither infections nor any pseudoaneuryms at the iliac
anastomotic and inguinal arteriotomy closure sites. The new
technique we describe offers an additional method in the
armamentarium to treat extensive atherosclerotic lesions of
the external iliac artery. It compares favourably with the
results reported in the recent review of endovascular pro-
cedures mentioned above.2
This study is limited by the relatively small number of
patients, reﬂecting our strict recruitment.CONCLUSION
We use our new, modiﬁed technique in rare, highly selected
cases. It is mainly indicated as a bail-out procedure if
remote endarterectomies alone or combined withendovascular interventions of diffusely calciﬁed athero-
sclerotic lesions of the EIA have failed, or after complica-
tions of its endovascular treatment. Our autologous
anatomic reconstructions avoid the prosthesis-related
complications of bypass graft surgery, but also show
promising results that are comparable with endovascular
and hybrid procedures in our multimorbid patients.
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